Changes of Myofibrillar Proteins and Texture in Freshwater
Prawn, Macrobrachium rosenbergii, During Iced Storage

Introduction

Shelf life of ice-chilled freshwater
prawn, Macrobrachium rosenbergii has
been reported to be 3-4 days with devel-
opment of mushiness at the proximal end
(Sidwell, 1977; Nip et al., 1985a). Mi-
crostructural changes as related to devel-
opment of mushiness has been demon-
strated (Nip and Moy, 1988). Proteolysis
of muscle proteins by proteolytic and/or
collagenolytic enzymes has been postu-
lated as the main mechanism which con-
tributes to postmortem mushiness in
freshwater prawn (Rowland et al., 1982;
Baranowski et al., 1984; Nip et al.,
1985b; Premaratne et al., 1986). How-
ever, the nature of this protein degrada-
tion is not fully understood. Reports on
changes of prawn/shrimp protein compo-
nents have been very limited. Wong
(1982) studied the microstructural
changes in muscles in penaid shrimp dur-
ing iced storage and demonstrated myo-
fibrillar breakdown, especially Z-lines
and sarcoplasmic reticular degradation.

Objective/instrumental methods have
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been used successfully in assessing the
textural quality in shrimp and prawn (Ma
et al., 1983; Soo and Sander, 1977,
Ahmed et al., 1972; Angel et al., 1985;
Tillman and Finne, 1983; Waters and
Hale, 1981; Nip and Moy, 1981). Nip et
al. (1985b) reported that the texture, as
measured by the PEP Texture Tester!
(PEP Co., Houston, TX), showed signif-
icant softening with ice chilling time and
was related to the mushiness problem in
M. rosenbergii.

Relationship on structural protein
degradation and textural changes in
prawn or shrimp has not been reported.
The purpose of this study was to investi-
gate the degradation of myofibrillar
proteins and the textural changes in fresh-
water prawn, M. rosenbergii, and their
relationship during iced storage.

Materials and Methods
Muscle Samples

Freshly harvested live prawns averag-
ing 78 g in weight and 200 mm in length
(tip of rostrum to tip of telson) were ob-
tained from a local (Honolulu, Hawaii)
market and held in a tank with running
tap water overnight at ambient tempera-
ture (20°-23°C). The prawns were killed
by placing them in an ice slurry. Upon
death, whole prawns were stored in slush
ice in an insulated container at 0°C. After
0,1,3,5,7, 10, and 14 days of storage,
the abdomen (tail) muscle was separated
from the shell and head and then sec-
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tioned. After a brief washing with dis-
tilled water, the first proximal segment
(section in the vicinity of the stomach)
and/or the third proximal segment (the
third section away from the stomach)
from three prawns were pooled and sub-
ject to protein extraction.

Protein Extraction

The first and third segments from the
prawns stored for 0, 1, 3, 5, 7, and 14
days were subject to myofibrillar isola-
tion according to the procedure of Olson
etal. (1977). Myofibril suspensions were
then brought to 50 percent glycerol (w/w)
and placed in the freezer at —20°C for
2-14 days. At the end of the iced storage
period, the myofibril suspensions were
analyzed within 2-3 days.

Protein Determination

The protein concentrations of all sam-
ples were determined according to the
Bio-Rad Protein Assay (Bio-Rad Lab.,
Richmond, Calif.) with bovine gamma
globulin as the standard.

Protein Electrophoresis

Polyacrylamide gel electrophoresis
was performed in the presence of sodium
dodecyl sulfate (SDS) according to the
procedures of Porzio and Pearson (1977)
except that a Bio-Rad Protean slab gel
was used rather than a rod gel. The
marker dye was 0.005 percent bro-
mophenol blue.

A 26 pg protein sample extracted from
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the prawn muscles stored for 0, 1, 3, 7,
and 14 days at 0°C was applied to each
sample well. A Bio-Rad silver staining
kit (Bio-Rad Lab., Richmond, Calif.)
was used to stain the slab gels.

Textural Changes

The prawn samples obtained from the
same source (killed and stored in similar
manner as described above for 0, 1, 3, 5,
7, and 14 days at 0°C) were cooked in
boiling water for 5 minutes. After the
heads and shells were removed, the first
and third segments were further sec-
tioned into halves parallel with the mus-
cle fibers. Another set of prawn samples
was treated as described above except for
the heat treatment.

The PEP Texture Tester equipped with
a standard multiple-blade shearing cell
was used to measure forces required to
shear individual samples. Each sample
was placed on the platform so that the cut
face was made contact with the stationary
shearing cell and the muscle fibers were
perpendicular to the moving cell. Data
were recorded as the force-distance curve
and total integrated work (force-distance)
required to compress, shear, and push the
sample through (a combination of adhe-
sive and cohesive forces is encountered
as the sample is pushed through the sta-
tionary cell). There were 10-24 replicates
for each treatment.

Statistical analyses (i.e., the analysis
of variance, correlation coefficients, and
regression analysis) were conducted on
the textural measurement data to deter-
mine the significance of textural changes
in M. rosenbergii during cold storage.

Results and Discussion

SDS-PAGE of
Myofibrillar Proteins

The results of SDS-PAGE of my-
ofibrillar proteins from the first segment
of prawn stored for various periods at 0°C
are shown in Figure 1. An identical pat-
tern was obtained for the third segment.

Extensive protein degradation oc-
curred during 14 days of iced storage
(Fig. 1): The decrease in intensity of the
113,000 and 80,000 dalton subunits dur-
ing the 14-day iced storage and a com-
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Figure 1.—The effects of iced storage on the electrophoretic patterns of my-
ofibrillar proteins extracted from the first segment of the freshwater prawn.

plete dissolution of a-actinin (103,000
daltons) after 3 days of iced storage (Fig.
1).

Myosin heavy chains have been
known to be very stable myofibrillar
components. Degradation of this compo-
nent has been reported only under
specific or controlled conditions, such as
at an acidic pH to investigate lysosomal
proteolytic reaction (Dutson, 1982), at a
high temperature to study the nature of
major contractile proteins (Betchel and

Parrish, 1983) or from a specific animal
such as the squid (Stanley and Hultin,
1984). The gradual disappearance of
these heavy chain subunits implies the
existence of a highly-active enzyme sys-
tem in the freshwater prawn during iced
storage.

The protein a-actinin and its post-
mortem changes are also known to be
barely detectable. Studies have shown
that a-actinin is released from the Z-line
as a result of partial degradation of my-
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Figure 2.—The effects of iced storage and subsequent heat treatment on the
texture (firmness or softness expressed as the total work required for shearing
a given sample in a PEP Texture Tester) of different segments of the freshwater
prawn tail muscle. Each point represents a mean of 10-24 replicates.

ofibril caused by a calcium-activated en-
zyme (Dayton et al., 1976, Nagainis and
Wolfe, 1982). This phenomenon has
been considered as one of the most im-
portant events that cause myofibril frag-
mentation. Observations on the dissolu-
tion of a-actinin are quite limited: A very
slight decrease during the postmortem
storage of bovine muscle (Goll et al.,
1977) or the occurrence of dissolution at
37°C (Betchel and Parrish, 1983).

In this study, the disappearance of the
a-actinin band after 3 days of cold stor-
age is a significant observation and is in
agreement with the microstructural
changes in ice-chilled prawn (Nip and
Moy, 1988). This postmortem change in
the freshwater prawn might be useful in
determining its storage history when it is
iced.

An increase in intensity of bands with
25,000 and 31,000 daltons during iced
storage was clearly demonstrated (Fig.
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1). The increase in these lower molecular
weight proteins corresponds to the de-
crease in the higher molecular weight
proteins.

From this experiment, it is apparent
that extensive myofibrillar protein degra-
dation occurs during the first few days of
iced storage.

Texture Measurements

The results of texture measurement are
shown in Figure 2, demonstrating signifi-
cant differences (P <0.01) between the
cooked segments and among the days of
iced storage.

Maximum firmness of cooked prawn
tissues can be obtained right after death
(Fig. 2). Both the raw and cooked sam-
ples of the first segment are softer than
those of the third segment (Fig. 2). The
rate of textural deterioration in the
cooked prawn tissues is higher in the first
segment than the third segment by about

9 percent (Fig. 2). The cooked prawn tis-
sues lose an average of 11 percent of their
original firmness during the first 4 days
of iced storage, as measured by the PEP
Texture Tester (Fig. 2). This is consider-
ably less than that reported by Waters and
Hale (1981).

The textural change is clearly related
to the myofibrillar protein degradation
reported in the previous sections. The de-
crease in work (force-distance) values
during the first 3 days (Fig. 2) coincides
with the complete dissolution of the
a-actinin (103,000 daltons) (Fig. 1). The
change of texture deterioration after 7
days also coincides with the complete
disappearance of the 80,000-dalton band.

The results of statistical analyses show
significant correlations between the dif-
ferences of cooked muscle texture and
the duration of iced storage: r = —0.96
and r = —0.98 for the first and third seg-
ments, respectively.

These results strongly imply the di-
minishing effect of the degraded
proteins, which contribute to mechanical
strength, and in part in a consequence of
the proteolytic reaction during iced stor-
age.
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